A study was conducted between July 2010 to June 2011 in the Monkey Sterilization Centre, Gopalpur, Himachal Pradesh, India to assess the prevalence of reproductive disorders by laparoscopic examination of the genitalia of female rhesus macaques. The animals were captured from different locations in the state using a cage trapping method. A total of 720 female rhesus macaques underwent laparoscopic examination of their reproductive tracts. A total of 63 cases were found to have reproductive abnormalities. Out of these 63 cases, the most common abnormalities reported were ovarian cyst 3.05% (n=22), ovarian tumor 1.66% (n=12), uterine tumor 1.25% (n=9), uterine edema 0.97% (n=7), uterine rupture 0.83% (n=6), ectopic pregnancy 0.69% (n=5), unicornis or acornis 0.28% (n=2). The highest number of cases of uterine abnormalities was recorded in the 12-16 year old age group (33.33%), followed by 8-12 year olds (25.39%), 16-20 year olds (22.22%), then 4-8 year olds (15.87%) and 0-4 year olds (3.17%). Of the 63 animals that showed genital abnormalities, only 52 were found to be pregnant during the breeding season from November to March in the 5-20 year old age group, while 11 animals were not pregnant; a pregnancy rate of 82.53% (52 of 63) of the female rhesus macaques with reproductive abnormalities.
Introduction
There have been significant advances in the diagnosis and treatment of reproductive disorders. Diagnostic laparoscopy is currently being utilized on a large scale in humans as well as in animals throughout the world. This is a safe and fast technique that can be performed under general or occasionally local anesthesia. Laparoscopy has been extensively used for the diagnosis and treatment of various reproductive disorders in human females, [1] [2] [3] while in non-human primates, research has also been carried out on the reproductive physiology of the female rhesus macaques throughout the world. [4] [5] [6] [7] [8] However, there are still few data on laparoscopic diagnosis of the genital abnormalities in the female rhesus macaques and only a few cases have been reported. The reproductive abnormalities in captive and free-ranging rhesus macaques observed by laparoscopy have received little attention. 9 Rhesus macaques, the old world non-human primates, are considered a human model for various types of reproductive research, such as hormonal secretions, menstrual cycle and morphological characteristics of the reproductive systems, since these are similar to human females. 10 Primary or acquired reproductive abnormalities result from developmental defects, or genetic and environmental factors, or a combination of intrinsic and extrinsic factors.
In this study, rhesus macaques were captured by cage trapping methods on a large scale by the Wild Life Unit in Himachal Pradesh for the purpose of population control of rhesus macaques. Trapping has allowed data to be collected on reproductive abnormalities in female rhesus macaques. The aim of this study was to determine the reproductive abnormalities in female rhesus macaques by laparoscopic examination of female genitalia.
Materials and Methods
The study was conducted in the Shivalik Hills region of the state with altitude ranging from 350 to 1500 meters. The animals were captured in different locations by a cage trapping method between July 2010 and June 2011. The baits used to attract monkeys to enter the cage were selected on the basis of the natural feed available to monkeys in those areas. After capture, the monkeys were transported to the Monkey Sterilization Centre. The study was carried out on 720 female rhesus macaques. Animals were rested for 1-2 days before laparoscopy. The animals with distended abdomen were identified to be in late stage of pregnancy by visual examination in individual cages and were kept separately. Animal age was determined on the basis of teeth eruption and physical status.
Animals were anesthetized after 15 h fasting with a combination of Xylazil ® (2 mg/kg body weight) Ketamil ® (10 mg/kg body weight) (Troy Laboratories Pty Ltd., Australia), mixed in a 2 mL disposal syringe with a 22 gauge needle. Animals in early and mid-stage of pregnancy were given combination dose of xylazine and ketamine while animals in late stage of pregnancy were injected only with ketamine at 15 mg/kg body weight. All the animals were anesthetized in a standard size squeeze cage. All the animals were divided into five age groups as shown in Table 1 .
Animals were prepared for surgery after proper shaving and scrubbing. The animal was then placed in Trendelenburg's position in dorsal recumbency (head lower than body) on a tilted table in the operating theater.
Standard laparoscopic procedure was adopted for all animals. A pre-umbilical incision was made with a scalpel and a Veress needle (2 mm ¥ 80 mm) was inserted through this port to achieve pneumoperitonium with carbon dioxide gas at 10 mmHg pressure. The Verese needle was then pulled out and a 5.5 mm trocar with canula was inserted in the same port.
The trocar was removed from the canula and a laproscope (5.5 mm diameter, Pro MIS, Frontline Limited, Carl-Zeiss-Strasse 3, Quickborn, Germany) connected to a light source was inserted through this canula. The female genitalia were visualized clearly near the urinary bladder and all reproductive disorders could be clearly seen by laparoscopy.
The following reproductive anomalies were observed on laparoscopic examination of the genitalia of the female rhesus macaques (Figure 1 A-G).
Ovarian cyst: a structure on the ovaries measuring over 2 cm and containing fluid is termed as ovarian cyst. The cyst is formed if a follicle fails to release the egg, fluid remains inside it and this leads to the formation of a cyst.
Ectopic pregnancy: the condition in which the developing embryo implants outside the uterine cavity. An ectopic pregnancy develops because of a condition that slows the movement of egg or blocks its entry from the fallopian tube into the uterus. There are mainly two types of ectopic pregnancies: tubal and abdominal. In a tubal ectopic pregnancy, fertilized oocyte remains in the oviduct while in an abdominal ectopic pregnancy, gestation is completed in the peritoneal cavity.
Ovarian tumor: an abnormal or uncontrolled growth arising from within the ovaries. Epithelial tumors arise from the outer layer of the ovaries and germ cell tumors develop from the germ cells of the ovaries.
Uterine rupture: when there is rupture of the uterine wall or myometrial wall. Uterine rupture mainly occurs during pregnancy under the influence of hormones.
Uterus unicornis: when only one uterine horn develops while the second one is not fully developed or is absent. A unicornuate uterus has a normal single vagina and fallopian tube. Incomplete fusion of the mullerian ducts leads to development of the uterus unicornis.
Uterine tumor: an uncontrolled growth of the tissues of the uterus. These may be benign or malignant, e.g. fibroids, myomas, leiomyomas and polyps.
Uterine edema: abnormal swelling of the uterus. This is mainly because of infections inside the uterine body. The most common examples are endometritis or pyometra, etc.
Results
A total of 63 cases of gross reproductive abnormalities were observed during the laparoscopic examination of genitalia of 720 female rhesus macaques examined between July 2010 and June 2011. Total prevalence of the gross abnormalities was found to be 8.75% (63 of 720). The highest number of reproductive abnormalities was observed for ovarian cyst (3.05%) and the lowest was uterus unicornis (0.28%) ( Table 2 ).
The highest number of cases of reproductive abnormalities was recorded in the 12-16 year old age group (33.33%) and the lowest in the 0-4 year old age group (3.17%) ( Table 1) . On laparoscopic examination of genitalia of 63 female rhesus macaques with reproductive abnormalities, only 52 animals were found pregnant during the breeding season from November to March in the 5-20 years of age group while 11 animals were found not to be pregnant; a pregnancy rate of 82.53% among female rhesus macaques with reproductive abnormalities.
Discussion
Genital abnormalities have been found to play an important role in infertility by interfering in implantation and placentation. 11 Both in animals and in humans, reproduction outcome is directly correlated with genital abnormalities. In humans and non-human primates, these reproductive anomalies also reduce the viability of the offspring in various ways, such as abortions, stillbirths, or neonatal mortality. [12] [13] [14] Sotirios et al. reported the prevalence of genital anomalies in human females to be approximately 6.0-7.4%; this is comparable to the present study on female rhesus macaques in which prevalence of genital anomalies was 8.75% (63 of 720). The difference may be because of the different diagnostic methods adopted; however, in the present study only laparoscopy was used. Laparoscopy is also considered to be one of the most efficient and accurate methods compared with other methods (hysteroscopy, 3D-ultrasound, sonohys- terography) used to diagnose uterine anomalies. 14 Reproductive outcome may also be affected by various intrinsic and extrinsic factors. Even the conditions in which the animals are housed may affect reproductive outcome in non-human primates. [15] [16] [17] A decrease in pregnancy rate (82.53%) in animals with reproductive anomalies has been reported in human females with uterine anomalies. 18 This shows that results of the reproductive anomalies in female rhesus macaques are close to those obtained in human females.
Article
Ovarian cyst was found to be the most common genital abnormality (approx. 3.05%; 22 of 720). In a 2010 study by Marr-Belvin et al., 4.8% of rhesus macaques were found to have ovarian cysts and ovarian neoplasms; 19 ovarian cysts alone accounted for 3.5% (16 of 458). Our results agree with these; in our current study ovarian cysts made up approximately 3.05% (22 of 720) of the genital abnormalities in the female rhesus macaques. There is a insignificant difference in incidence of ovarian cysts in the present study of free-ranging Indian rhesus macaques and in female rhesus macaques of Indian origin in the study by Marr-Belvin et al.
(data not shown).
Ovarian tumors contributed approximately 1.66% (12 of 720) of the total uterine abnormalities. Dysgerminoma, teratoma, granulosa cell tumor, ovarian epithelial tumors, choriocarcinoma, have also been reported by various authors. [20] [21] [22] [23] The highest reports of ovarian cancer have been reported in human females over the age of 50 years; incidence is 36.9 per 100,000 in the 30-50 year old age group, falls to 21 per 100,000 in the under 30 year olds, and in the women under 30 years it was 3 per 100,000. 24 Uterine tumors made up 1.25% (9 of 720) reproductive abnormalities in all the animals examined. Studies in humans females reported 5.4-77% of women have uterine fibroid tumors of which 4% in the 20-30 year old age group, 25 11-18% in the 30-40 year olds, and 33% in 40-60 year olds. 26 But there have been very little data reported for non-human primates. 27 Uterine edema was seen in 0.97% (7 of 720) of the total uterine abnormalities. In female rheusus macaques, uterine edema may be associated with endometritis and pyometra.
Ectopic pregnancy was seen in 0.69% (5 of 720) of the total number of uterine abnormalities observed. Ectopic pregnancy has also been reported in non-human primates, 28, 29 and a few cases of ectopic pregnancy in the uterine horn as well as in the abdominal cavity have been reported in rhesus macaques. 30, 31 The prevalence of ectopic pregnancy ranges from 11.2 to 18.8 per 100 in human females. 32 Uterine rupture was seen in 0.83% (6 of 720). Uterine tumors were previously reported in rhesus macaque and non-human primates. 33, 34 In human females, the prevalence of uterine rupture ranges from 7.8 (symptomatic rupture) to 13 (asymptomatic rupture) per 1000. Uterus rupture is life threatening in all species and is associated with significantly higher maternal and perinatal mortality. 35, 36 In human females, different authors have reported the average incidence of uterine rupture to range from 0.05% to 1.3%. [37] [38] [39] [40] In this study, the incidence of uterus unicornis was approximately 0.28% (2 of 720). Uterus unicornis has been observed in various animals, [41] [42] [43] but rarely reported in rhesus macaques. In human females, only one case in 76,000 of a pregnancy in the rudimentary horn has been reported and also in the present study, 44 uterus unocornis was the least common of all the reproductive abnormalities observed in free-ranging rhesus macaques.
It is very difficult to collect precise data regarding the prevalence of genital abnormalities in free-ranging wild animals as they are very difficult to capture from the wild and diagnosis of reproductive disorders is problematic. Many other abnormalities may be present in the reproductive tracts of the free-ranging rheusus macaques but this study only presents those reproductive abnormalities observed laparoscopically during the sterilization of 720 female rhesus macaques. The similarity in reproductive anomalies may be due to the fact that female rhesus macaques and female humans share a similar physiology. However, the difference in incidence may be due to the fact that these animals live in the wild and there may be many variations in environmental and genetic factors which may have an impact. One of the limitations of this study, is that none of the animals underwent in-depth laparoscopic examination, and histopathological testing of all the gross abnormalities in free-ranging female rheusus macaques would provide further useful data.
Conclusions
The current study shows the similarities in reproductive abnormalities between female rhesus macaques and female humans. Laparoscopic diagnosis permitted the clear visualization and identification of the reproductive abnormalities in free-ranging rhesus macaques. 
